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EXECUTIVE  SUMMARY 


Under  contract  with  the  Seattle  District  Corps  of  Engineers 
and  with  representation  from  the  Corps,   the  U.S.  Soil  Con- 
servation Service,   the  State  of  Montana  Department  of  Natural 
Resources  and  Conservation  (DNRC),   and  the  Lower  Willow  Creek 
Drainage  District,   CH2M  HILL  inspected  Lower  Willow  Creek 
(Granite)  Dam  on  November  1,   1979,   under  the  authority  of 
Public  Law  92-367.     The  dam  is  located  on  Lower  Willow  Creek 
in  Granite  County,   about  11  miles  southwest  of  Drummond  and 
6  miles  west  of  Hall,  Montana. 

This  report  was  compiled  from  information  obtained  during  an 
onsite  inspection,   review  of  construction  plans,   and  analysis 
of  available  hydrologic  information.     Findings  were  compared 
with  engineering  criteria  that  are  currently  accepted  by  most 
private  and  public  agencies  engaged  in  dam  design,  construc- 
tion,  and  operation. 

FINDINGS  AND  EVALUATION 

Lower  Willow  Creek  Dam  is  owned  and  operated  by  the  Lower 
Willow  Creek  Drainage  District.     The  reservoir  is  used  pri- 
marily for  storage  of  irrigation  waters  and  it  provides  minor 
flood  control. 

The  90-foot-high  earth  dam,  designed  by  the  U.S.   Soil  Con- 
servation Service,   impounds  approximately  6,230  acre-feet  of 
water  at  top  of  dam,   elevation  4730.2  feet  National  Geodetic 
Vertical  Datum  (NGVD).     On  the  basis  of  criteria  in  U.S.  Army 
Corps  of  Engineers  Recommended  Guidelines  for  Safety  Inspec- 
tion of  Dams  (Ref.   1),   the  project  is  intermediate  in  size. 
The  dam  is  located  such  that  its  failure  could  damage  approxi 
mately  five  homes  and  cause  flooding  of  agricultural  land. 
Minor  flooding  may  occur  in  the  City  of  Hall.     No  dam  breach 
analysis  or  routing  of  a  dam  breach  flood  was  made  for  the 
downstream  area;  therefore,   the  conclusions  on  probable  dam- 
age are  based  on  a  brief  field  visit  and  engineering  judgment 
The  project  is  classified  as  having  a  high  (Category  1)  down- 
stream hazard  potential.     Inspection  criteria  (Ref.   1)  recom- 
mend that  the  spillway  design  flood  (SDF)  for  an  intermediate 
sized  project  with  a  high  downstream  hazard  potential  be  cap- 
able of  safely  handling  100  percent  of  the  probable  maximum 
flood  (PMF).     The  PMF  is  the  flood  expected  from  the  most 
severe  combination  of  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region. 

An  estimated  PMF  was  developed  for  the  71 . 8-square-mile  drain 
age  basin.     The  PMF  resulting  from  the  6-hour  thunderstorm 
has  an  estimated  volume  of  18,700  acre-feet  and  a  peak  flow 
of  82,000  c.f.s.     The  principal  and  emergency  spillways  have 
a  combined  maximum  discharge  capacity  of  about  7,400  c.f.s. 
with  the  reseirvoir  at  dam  crest,   elevation  4730.2  feet  NGVD. 
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The  routing  of  the  estimated  PMF  was  started  with  the  reser- 
voir at  principal  spillway  crest,  elevation  4723.3  feet  NGVD. 
Routing  of  the  estimated  PMF  and  lesser  floods  indicates  that 
the  project  can  control  a  flood  having  ordinates  equal  to 
approximately  15  percent  of  the  PMF  ordinates.     Larger  floods 
would  overtop  the  dam.     Therefore,   the  project  is  considered 
to  have  a  seriously  inadequate  spillway. 

The  dam  is  constructed  of  materials  that  would  erode  and  rap- 
idly fail  when  overtopped  by  f loodwaters .     Such  a  failure 
would  endanger  many  lives  and  cause  property  damage  downstream 
of  the  dam.     A  visual  inspection  of  the  dam  embankment  re- 
vealed neither  longitudinal  nor  transverse  cracking.  Some 
seepage  was  observed  along  the  right  abutment  downstream  con- 
tact of  the  embankment.     While  stability  analysis  and  some 
information  on  soil  parameters  are  available,   the  data,  in 
our  judgement,   is  incomplete  and  not  sufficient  for  adequate 
analysis . 

The  outlet  riser,   the  upper  portion  of  the  outlet  discharge 
conduit,   and  the  low-level  outlet  pipe  were  underwater  at 
the  time  of  the  inspection  and  could  not  be  observed. 

There  is  no  log  boom  in  the  reservoir  and  the  principal  spill- 
way could  become  clogged  with  debris.     Separation  of  the  con- 
struction joints  was  noted  in  the  portion  of  the  outlet  con- 
duit below  the  gate  well.     The  emergency  spillway  channel  is 
erodible  and  could  be  seriously  damaged  during  high  flows. 
It  is  not  likely  that  this  will  cause  damage  to  the  dam.  No 
downstream  warning  system  is  in  effect. 

Based  on  reconnaissance-level  investigations,   the  project  is 
incapable  of  handling  a  flood  having  one-half  the  PMF  ordi- 
nates without  overtopping  and  causing  the  dam  to  fail,  which, 
in  our  judgment,  would  seriously  jeopardize  life  and  property 
downstream.     Under  the  guidelines'   criteria,   Lower  Willow 
Creek  Dam  is  considered  unsafe  (nonemergency)  until  the  recom- 
mended actions  are  completed. 

RECOMMEND AT I ONS 

Because  of  storage  between  normal  pool  and  dam  crest,  the 
present  project  provides  a  certain  degree  of  flood  protection 
to  the  downstream  area.     The  intent  of  report  recommendations 
is  to  maintain  or  improve  project  safety,   if  feasible,  while 
preserving  the  flood  protection. 

A  downstream  warning  system,   for  use  in  the  event  of  possible 
dam  overtopping  or  structural  failure,   should  be  developed 
and  immediately  placed  in  action.     Inspect  the  outlet  riser, 
upper  portion  of  the  outlet  conduit,   and  low-level  outlet 
works,   and  repair  as  necessary.     (Repair  the  construction 
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joints  on  the  outlet  conduit  downstream  of  the  gate  well.) 
Construct  a  log  boom  to  protect  the  principal  spillway  from 
floating  debris.     Conduct  more  detailed  hydrologic  and  hydrau- 
lic routing  studies  to  better  determine  the  downstream  hazard 
and  required  spillway  capacity,   and  modify  the  project  as 
studies  indicate.     Conduct  field  investigation,  laboratory 
testing,   and  stability  analysis;   and  modify  the  project  as 
studies  indicate.     Conduct  periodic  inspections  of  the  proj- 
ect at  least  every  5  years  by  engineers  experienced  in  dam 
design  and  construction. 

Before  implementing  report  recommendations,  the  owner  is  urged 
to  contact  the  DNRC. 


Richard  L.  Foster 
Professional  Engineer 
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PERTINENT  DATA 


GENERAL 
Federal  ID  No. 
Owner/Operator 

Date  Constructed 

Purpose 
Location 

County,  State 
Watershed 

Downstream  Hazard  Potential 

uses  Quadrangle 

RESERVOIR 

Surface  Area  at  Principal 
Spillway  Crest,  Elevation 
4723.3   feet  NGVD 

Drainage  Area 

Storage  at  Principal 
Spillway  Crest,  Eleva- 
tion 4723.3   feet  NGVD 

Storage  at  Emergency 
Spillway  Crest,  Eleva- 
tion 4725.4  feet  NGVD 

Storage  at  Dam  Crest, 
Elevation  4730.2  feet 
NGVD 

Surcharge  Storage 


MT-1155 

Lower  Willow  Creek  Drainage 
District 

1962;  principal  spillway 
and  emergency  spillway 
crest  control  structure 
added  in  1978 

Irrigation 

Section  2,   T9N,  R14W, 
Principal  Meridian 

Granite  County,  Montana 

Lower  Willow  Creek,  tri- 
butary of  Flint  Creek 

Category  1  (High) 

Bearmouth 


174  acres 


71.8  square  miles 
4,930  acre-feet 


5,350  acre-feet 


6,230  acre-feet 


1,300  acre-feet  total;  420 
acre-feet  from  principal 
spillway  to  emergency  spill- 
way,  880  acre-feet  from 
emergency  spillway  to  dam 
crest 
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3 .  PRINCIPAL  SPILLWAY 
Type 

Bottom  Width 

Crest  Elevation 

Capacity  with  Reservoir 
at  Dam  Crest 

4.  EMERGENCY  SPILLWAY 
Type 

Bottom  Width 

Crest  Elevation 

Capacity  with  Reservoir  at 
Dam  Crest 

5 .  OUTLET  WORKS 
Conduit 

Conduit  Length 
Gate 

Capacity  with  Reservoir  at 
Principal  Spillway  Crest 

6 .  DAM 
Type 
Length 
Crest  Width 
Crest  Elevation 


Uncontrolled  overflow  weir 
with  concrete  chute  dis- 
charge channel 

25  feet 

4723.3  feet  NGVD 
2,400  c.f .s. 

Uncontrolled  concrete  crest 
with  unlined  channel 

150  feet 

4725.4  feet  NGVD 
5 , 000  c . f . s . 

3 '-6"  X  3 '-6"  and 
4'-0"  X  5'-6" 
rectangular  concrete  with 
6"  X  6"  corner  fillets 

370  feet  and  riser 

36"  X  48"  slide  gate 

460  c.f.s. 

Earth 
970  feet 
24  feet 

4730.2   feet  NGVD 
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Hydraulic  Height 
(crest  to  toe) 

Upstream  Slope 
Downstream  Slope 


90  feet 

1  V  on  3  H  upper;  1  V  on 
3  «  5  H  lower 

1  V  on  2  H 
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Chapter  1 
BACKGROUND 


1.1  INTRODUCTION 

1.1.1    Au-bhority  and  Scope  - 

This  report  summarizes  the  Phase  I  inspection  and  evaluation 
of  the  Lower  Willow  Creek  Dam,  which  is  owned  and  operated  by 
the  Lower  Willow  Creek  Drainage  District. 

The  National  Dam  Inspection  Act,  Public  Law  92-367  dated 
August  8,   1972,   authorized  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers,   to  conduct  safety  inspections  of  non- 
Federal  dams  throughout  the  United  States.     Pursuant  to  that 
authority,   the  Chief  of  Engineers  issued  "Recommended  Guide- 
lines for  Safety  Inspection  of  Dams"  in  Appendix  D,  Volume  1 
of  the  U.S.  Army  Corps  of  Engineers'   report  to  the  United 
States  Congress  on  "National  Program  of  Inspection  of  Dams" 
in  May  1975. 

The  recommended  guidelines  were  prepared  with  the  help  of 
engineers  and  scientists  highly  experienced  in  dam  safety 
from  many  Federal  and  state  agencies,  professional  engineer- 
ing organizations,   and  private  engineering  consulting  firms. 
Consequently,   the  evaluation  criteria  presented  in  the  guide- 
lines represent  the  comprehensive  consensus  of  the  engineer- 
ing community. 

Where  necessary,  the  guidelines  recommend  a  two-phased  study 
procedure  for  investigation  and  evaluation  of  existing  dam 
conditions,   so  deficiencies  and  hazardous  conditions  can  be 
readily  identified  and  corrected.     The  Phase  I  study  is: 

(1)  a  limited  investigation  to  assess  the  general  safety 
condition  of  the  dam. 

(2)  based  upon  an  evaluation  of  the  available  data  and 
a  visual  inspection. 

(3)  performed  to  determine  if  any  needed  emergency 
measures  and/or  if  additional  studies,  investiga- 
tions,  and  analyses  are  necessary  or  warranted. 

(4)  not  intended  to  include  extensive  explorations  and 
analyses  or  to  provide  detailed  alternative  correc- 
tion recommendations . 

The  Phase  II  investigation  includes  all  additional  studies 
necessary  to  evaluate  the  safety  of  the  dam.     Included  in 
Phase  II,   as  required,   should  be  additional  visual  inspec- 
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tions,  measurements,   foundation  exploration  and  testing,  ma- 
terial testing,  hydraulic  and  hydrologic  analyses,   and  struc- 
tural stability  analyses. 

The  authority  for  the  Corps  of  Engineers  to  participate  in 
the  inspection  of  non- federally  owned  dams  is  limited  to 
Phase  I  investigations  with  the  exception  of  situations  of 
extreme  emergency.     In  these  cases,   the  Corps  may  proceed 
with  Phase  II  studies  but  only  to  the  extent  needed  to  answer 
questions  relating  to  dam  safety  that  cannot  be  answered 
otheirwise.     The  two  phases  of  investigation  outlined  above 
are  intended  only  to  evaluate  project  safety  and  do  not  encom- 
pass in  scope  the  engineering  required  to  perform  design  or 
corrective  modification  work.     Recommendations  contained  in 
this  report  may  be  for  either  Phase  II  safety  analyses  or 
detailed  design  study  for  corrective  work. 

The  responsibility  for  implementation  of  these  Phase  I  recom- 
mendations rests  with  the  dam  owner  and  the  State  of  Montana. 
It  should  be  noted  that  nothing  contained  in  the  National 
Dam  Inspection  Act,   and  no  action  or  failure  to  act  under 
this  Act  shall  be  construed  (1)  to  create  liability  in  the 
United  States  or  its  officers  or  employees  for  the  recovery 
of  damage  caused  by  such  action  or  failure  to  act  or  (2)  to 
relieve  an  owner  or  operator  of  a  dam  of  the  legal  duties, 
obligations,   or  liabilities  incident  to  the  ownership  or  oper- 
ation of  the  dam. 

1.1.2  Purpose 

The  purpose  of  the  inspection  and  evaluation  is  to  identify 
conditions  that  threaten  public  safety,  so  that  they  may  be 
corrected  in  a  timely  manner  by  non- Federal  interests. 

1.1.3  Inspection 

The  findings  and  recommendations  in  this  report  are  based  on 
a  brief  visual  inspection  of  the  project  and  a  detailed  review 
of  available  construction  plans.     Inspection  procedures  and 
criteria  are  those  established  by  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams  (Ref.  1). 

Personnel  present  during  the  inspection  included: 

Richard  Eckerlin,   Corps  of  Engineers 

Art  Taylor,   State  of  Montana,  Department  of  Natural 

Resources  and  Conservation 
Lee  Hofferber,  U.S.   Soil  Conservation  Service 
Marvin  Radtke,   Lower  Willow  Creek  Drainage  District 
John  Conn,   Lower  Willow  Creek  Drainage  District 

CH2M  HILL  personnel  who  participated  in  the  field  inspection 
and  contributed  to  this  report  are: 
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Miles  C.  Bubenik,  Geotechnicai  Engineer,  Team  Leader 

Jerry  Jacksha,  Geotechnicai  Engineer 

Loren  Bottorff,  Hydrologist/Hydraulics  Engineer 

This  report  has  been  reviewed  by  the  State  of  Montana  DNRC, 
the  owner,   and  the  U.S.   Soil  Conservation  Service,   and  their 
written  comments,  with  the  exception  of  the  owner's,  are 
enclosed  at  the  end  of  the  report.     The  owner  did  not  make 
written  comments . 

1.2         DESCRIPTION  OF  PROJECT 

1.2.1  General 

Lower  Willow  Creek  Dam  is  located  on  Lower  Willow  Creek,  below 
the  confluence  of  the  North  Fork  and  South  Fork,   in  Granite 
County,  Montana.     The  damsite  is  approximately  11  miles  south- 
west of  Drummond  and  6  miles  west  of  Hall,  Montana  (see 
Plate  1).     The  National  Dam  Inventory  for  Montana  lists  Lower 
Willow  Creek  Dam  as  having  a  high  (Category  1)  downstream 
hazard  potential.     The  Federal  identification  number  is 
MT-1155.     The  dam  is  90  feet  high  and  approximately  970  feet 
long,   and  impounds  6,230  acre-feet  at  dam  crest,  elevation 
4730.2  feet  NGVD.     Lower  Willow  Creek  Dam  was  completed  in 
1962.     The  concrete  chute  principal  spillway  and  emergency 
spillway  crest  control  structure  were  added  in  1978.  Based 
on  visual  reconnaissance  and  engineering  judgment,  approx- 
imately five  homes  could  be  affected  by  a  sudden  breach  of 
the  dam.     Agricultural  land  would  be  flooded  and  some  minor 
flooding  may  occur  at  Hall.     On  the  basis  of  this  information 
and  in  accordance  with  the  recommended  guidelines,   the  project 
size  is  intermediate  and  the  downstream  hazard  potential  is 
high  (Category  1). 

The  174-acre  reservoir  is  used  primarily  for  irrigation,  with 
minor  flood  control.     The  dam  is  owned  and  operated  by  the 
Lower  Willow  Creek  Drainage  District.     The  project  was  de- 
signed by  the  U.S.   Soil  Conservation  Service. 

The  principal  spillway,   added  in  1978,   is  located  near  the 
center  of  the  dam  (Plate  2).     It  consists  of  a  55-foot-long 
concrete  weir  spillway  formed  by  three  sides  of  a  rectangular 
box,   and  a  25-foot-wide  concrete  discharge  chute  down  the 
face  of  the  embankment.     The  emergency  spillway  consists  of 
an  unlined  trapezoidal  channel  with  150-foot  base  width,  exca- 
vated through  the  right  abutment,  with  a  concrete  control 
structure  spanning  the  channel  near  the  upper  end.     The  con- 
crete control  structure  was  also  added  in  1978. 

The  outlet  works  consists  of  a  rectangular  concrete  conduit 
that  is  3  feet  6  inches  by  3  feet  6  inches  and  4  feet  by  5 
feet  6  inches,   connected  to  a  3  feet  6  inches  by  5  feet  rec- 
tangular concrete  riser,   and  controlled  by  a  slide  gate  meas- 
uring 36  by  48  inches.     An  uncontrolled  30-inch-diameter  steel 
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low-level  outlet  pipe  discharges  to  the  outlet  conduit  at  the 
base  of  the  riser  upstream  from  the  gate. 

1.2.2  Regional  Geology  and  Seismicity 

Lower  Willow  Creek  Dam  lies  in  a  region  of  varied  and  complex 
geology.     The  oldest  sedimentary  rocks  in  the  area  belong  to 
the  Precambrian  Missoula  Group  of  the  Belt  Series  (Supergroup). 
The  Missoula  Group  consists  mainly  of  argillites  and  quartz- 
ites.     Cambrian  rocks  are  exposed  at  the  dam  and  include  the 
Flathead  Quartzite  Formation  and  carbonates.     Tertiary  vol- 
canic rocks  occur  locally,   and  Tertiary  sedimentary  rocks, 
rich  in  volcanic  sediments,   are  widespread  to  the  east  of 
the  dam.     The  dominant  structural  feature  in  the  region  is 
the  Lewis  and  Clark  Line,   a  zone  of  major  faulting.     The  in- 
spection guidelines '   Zoning  Map  shows  the  dam  located  in 
Zone  2,  which  has  a  potential  for  moderate  earthquake  damage. 
Algermissen  (1976)  estimates  a  90  percent  probability  of  ex- 
ceeding a  0.04  to  0.1  gravity  acceleration  in  any  50-year 
period  for  the  area  in  which  the  dam  is  located.     The  dam 
lies  in  a  seismically  active  area  of  western  Montana  known 
as  the  Intermountain  Seismic  Belt.     Strong  centers  of  seismi- 
city in  Helena  and  Hebgen  Lake,  Montana,  have  repeatedly  ex- 
posed the  area  to  shaking  intensities  of  Modified  Mercalli 
intensity  VI.     In  addition,   the  dam  also  is  located  on  a  tec- 
tonically  seismogenic  zone  known  as  the  Lewis  and  Clark  Line. 
The  line  runs  from  Sandpoint,    Idaho,   to  Helena,  Montana,  and 
is  composed  of  numerous  subparallel  faults.     Moderate  histor- 
ical seismicity  is  scattered  along  this  line.     The  closest 
historic  seismicity  was  a  magnitude  5 . 0  event  which  occurred 
about  15  miles  south  in  Phillipsburg  Valley.     The  dam  is  loca- 
ted in  a  seismic  environment  which  requires  a  conservative 
and  prudent  geotechnical  investigation  to  ensure  seismic  sta- 
bility.    Although  the  zoning  map  is  based  on  a  known  distri- 
bution of  damaging  earthquakes,   it  does  not  necessarily  re- 
flect accurate  or  adequate  seismic  design  for  the  site. 

1.2.3  Site  Geology 

Lower  Willow  Creek  Dam  spans  a  valley  cut  in  Cambrian  bedrock. 
Several  preconstruction  borehole  logs,   to  about  23  feet  in 
depth  drilled  beneath  the  embankment,   show  the  valley  sedi- 
ments to  consist  of  10  to  15  feet  of  clay  and  clayey  gravel 
overlying  bedrock.     Bedrock  beneath  the  dam  is  not  defined 
in  the  boring  logs  and  is  presumed  to  be  quartzite,  probably 
of  the  Flathead  Quartzite  Formation.     Bedrock  is  exposed  in 
an  access  road  cut  at  approximate  elevation  4,735  feet  above 
the  crest  of  the  dam  on  the  left  abutment.     The  bedrock  is 
thinly  bedded  to  massive  and  consists  of  medium  grained,  light 
brown  (fresh)  to  yellow-orange  (weathered)  quartzite  and  is 
dipping  about  20  degrees  northeast  (downstream).     Rock  exposed 
on  the  right  abutment  consists  of  grey  to  light  brown  quartz- 
ite.    On  this  abutment,   bedrock  is  generally  buried  by  silt, 
talus,   and  quartzite  boulders.     The  reservoir  is  elongated 
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in  the  northeast-southwest  direction  and  lies  within  Lower 
Willow  Creek  Valley  at  the  confluence  of  the  north  and  south 
forks.     At  the  time  of  inspection,   the  shoreline  slopes 
appeared  stable.     Wave  erosion  of  the  reservoir  shoreline  is 
negligible . 

1.2.4    Design  and  Construction  History 

The  Lower  Willow  Creek  project,   currently  owned  by  Lower  Willow 
Creek  Drainage  District,  was  designed  in  1958  and  1959  by 
the  Soil  Conservation  Service.     Construction  for  the  SCS  was 
completed  in  1962. 

In  1977,   the  Soil  Conservation  Service  designed  a  concrete 
control  structure  for  the  existing  emergency  spillway  and 
designed  a  new  chute  spillway  to  be  placed  on  the  dam  embank- 
ment.    Construction  was  complete  on  both  items  in  1978. 

As-built  plans  and  inspection  reports  between  1964  and  1976 
were  available  for  review. 
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Chapter  2 
INSPECTION  AND  RECORDS  EVALUATION 


2.1       HYDRAULICS  AND  STRUCTURES 
2. 1.1    Principal  Spillway 

The  principal  spillway  for  Lower  Willow  Creek  Dam,  built  in 
1978,   is  located  near  the  center  of  the  dam.     The  principal 
spillway  was  built  because  the  emergency  spillway  had  oper- 
ated several  times  and  was  beginning  to  erode.     The  weir 
(crest  elevation  4723.3  feet  NGVD)  is  a  10-inch-wide  concrete 
wall,   55  feet  in  length.     The  weir  is  formed  by  three  sides 
of  a  rectangular  box  with  a  configuration  such  that  two 
15-foot  lengths  of  the  wall  are  perpendicular  to  a  25-foot 
end  section  (Plate  3).     There  is  no  log  boom;  consequently, 
the  spillway  could  become  clogged.     Flow  over  the  weir  enters 
a  25-foot-wide  rectangular  concrete  discharge  channel 
(Photo  1),  which  passes  through  the  dam  and  into  the  spillway 
chute.     The  concrete  spillway  chute  is  25  feet  wide  and  sloped 
at  40  percent  down  the  face  of  the  dam  to  the  concrete  still- 
ing basin  (Plate  4).     The  plans  show  a  series  of  concrete 
blocks  in  the  stilling  basin,   although  these  could  not  be 
observed  at  the  time  of  the  field  inspection  because  of  tail- 
water.     All  surfaces  of  the  principal  spillway  concrete  ap- 
peared to  be  in  good  condition. 

The  principal  spillway  stilling  basin  discharges  to  a  riprap- 
lined  pool  and  excavated  channel,  which,   according  to  the 
plans,   has  a  gradient  of  0.0004  and  reenters  Lower  Willow 
Creek  approximately  600  feet  below  the  dam.     The  riprap  and 
channel  banks  appeared  to  be  in  good  condition.     At  the  time 
of  the  field  inspection,   there  was  no  evidence  of  scour  or 
erosion.     However,  the  principal  spillway  is  new  and  the 
stilling  basin  has  not  been  tested  with  high  discharges. 
The  stilling  basin  may  not  be  large  enough  to  contain  the 
hydraulic  jump  as  the  maximum  discharge  capacity  of  the  spill- 
way is  approached.     A  study  of  tailwater  conditions  would  be 
needed  for  all  flow  conditions  to  see  if  the  hydraulic  jumps 
would  form  within  the  basin. 

The  principal  spillway  rating  was  developed  using  the  dis- 
charge equation  for  a  broad-crested  weir  with  a  constant  dis- 
charge coefficient  of  3.09.     The  total  weir  length  was  ad- 
justed to  account  for  the  loss  of  effective  length  at  the 
corners.     The  principal  spillway  crest  is  at  assumed 
elevation  4723.3  feet  NGVD. 

The  maximum  principal  spillway  discharge,  with  the  reservoir 
level  at  the  top  of  dam,   elevation  4730.3  feet  NGVD,   was  est- 
imated to  be  2,400  c.f.s.     The  principal  spillway  rating  curve 
is  presented  on  Plate  5.     The  chute  walls  may  be  overtopped 
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by  waves  as  this  maximum  flow  is  approached-  This  could  cause 
serious  erosion  of  the  downstream  face  of  the  dam. 

2.1.2  Emergency  Spillway 

The  emergency  spillway  for  Lower  Willow  Creek  Dam  consists 
of  an  excavated  channel  in  the  right  abutment,  with  a  con- 
crete control  structure  near  the  upper  end  (Photo  2).  The 
channel  is  trapezoidal  in  cross  section,  with  a  150-foot  base 
width  and  2:1  side  slopes   (Plate  6).     The  control  structure 
consists  of  a  10-inch-wide  concrete  crest  wall  that  spans 
the  channel  approximately  250  feet  downstream  from  the  reser- 
voir.    The  concrete  weir  is  at  elevation  4725.4  feet  NGVD. 
This  elevation  is  based  on  levels  taken  at  the  time  of  the 
site  visit  and  from  using  known  elevation  4723.3  (from  as- 
builts)  for  the  crest  of  the  principal  spillway.     The  control 
structure  was  added  in  1978. 

The  channel  bed  is  composed  of  earth  and  cobbles,  which  sup- 
port the  growth  of  sparse  grass  and  weeds.     The  emergency 
spillway  channel  is  about  2,200  feet  long,  with  slope  varying 
from  0.015  to  0.002.     Areas  of  erosion  up  to  3  feet  deep  and 
35  feet  wide  were  obseirved  in  the  channel.     The  emergency 
spillway  channel  discharges  into  a  natural  coulee  about  2,200 
feet  below  the  dam,   and  the  flow  eventually  reenters  Lower 
Willow  Creek  about  3,000  feet  below  the  dam.     Minor  erosion 
was  noted  in  the  coulee  channel,   and  high  discharges  from 
the  emergency  spillway  could  cause  further  erosion.  However, 
this  is  not  likely  to  threaten  either  the  spillway  channel 
or  the  dam  embankment. 

The  discharge  rating  for  the  emergency  spillway  was  developed 
using  the  discharge  equation  for  a  broad-crested  weir,  with 
discharge  coefficient  varied  with  head  from  2.64  to  3.18. 
The  HEC-2  step  backwater  program  (Ref.   2)  was  run  for  the 
channel  below  the  control  section  to  estimate  tailwater  eleva- 
tions and  submergence  at  the  crest  wall. 

The  maximum  emergency  spillway  discharge,  with  reservoir  level 
at  the  top  of  the  dam,   assumed  elevation  4730.2  feet  NGVD, 
was  estimated  to  be  5,000  c.f.s.     The  emergency  spillway  rat- 
ing curve  is  presented  on  Plate  7. 

2.1.3  Outlet 

The  outlet  works  consists  of  a  rectangular  concrete  riser 
pipe  measuring  3  feet  6  inches  by  5  feet  0  inches   (top  at 
elevation  4673.5  feet  NGVD)   and  a  rectangular  concrete  dis- 
charge conduit  3  feet  6  inches  by  3  feet  6  inches  and  4  feet 
by  5  feet  6  inches   (Plate  8). 

All  rectangular  sections  have  6-inch  by  6-inch  fillets  at 
the  corners.     The  outlet  is  controlled  by  a  36-  by  48-inch 
slide  gate  installed  in  a  gate  well  in  the  upstream  embankment. 
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The  gate  is  located  in  a  concrete  chamber  at  the  bottom  of 
the  gate  well.     Access  to  the  chamber  can  be  made  through  a 
watertight  manhole  when  the  reservoir  is  below  the  top  of 
the  riser  pipe.     Upstream  from  the  gate  well  is  180  feet  of 
conduit  measuring  3  feet  6  inches  by  3  feet  6  inches  and  down 
stream  from  the  gate  is  190  feet  of  conduit  measuring  4  feet 
by  5  feet  6  inches.     The  plans  show  a  30-inch-diameter  steel 
low-level  outlet  pipe  entering  the  outlet  conduit  at  the  base 
of  the  riser  pipe.     This  was  underwater  at  the  time  of  the 
inspection  and  could  not  be  observed. 

The  plans  show  that  the  riser  pipe  is  equipped  with  a  trash 
rack  and  anti-vortex  wall.     At  the  time  of  the  field  inspec- 
tion,  the  riser  was  underwater  and  not  visible.     The  control 
gate  was  closed  during  the  inspection  and  the  downstream  con- 
duit was  entered.     A  trickle  of  water  was  leaking  out  of  the 
top  of  the  concrete  chamber  housing  the  gate.     Because  of 
access  problems,   the  source  of  the  water  could  not  be  deter- 
mined;  it  is  most  likely  from  the  manhole  in  the  chamber  or 
through  the  packing  where  the  gate  stem  penetrates  the  con- 
crete chamber.     No  cavitation  damage  was  observed  at  or  down- 
stream of  the  gate.     Venting  of  the  gate  is  provided  by  the 
gate  tower.     The  concrete  surface  of  the  conduit  was  observed 
to  be  in  good  condition,   although  gaps  were  noted  at  most 
construction  joints  (Photo  3).     The  cumulative  separation 
from  the  gate  to  the  outlet  structure  was  estimated  to  be 
about  3.5  inches.     Metal  water  stops  could  be  seen  at  the 
open  joints.     These  open  joints  will  increase  the  cavitation 
potential  when  the  conduit  operates  under  high  discharges. 
There  is  also  potential  for  future  leakage  from  the  conduit 
joints  to  the  embankment  under  full  conduit  flow  conditions. 
Currently,   this  does  not  appear  to  be  a  problem  since  the 
metal  water  stop  at  the  joints  is  providing  a  seal. 

The  outlet  works  discharges  into  an  excavated  pool  at  the 
base  of  the  dam.     The  pool  appears  to  be  adequately  dissipat- 
ing the  energy  from  conduit  flows  as  no  erosion  was  observed. 
Flows  are  measured  by  a  Parshall  flume  located  about  400  feet 
below  the  outlet,   and  reenter  the  channel  of  Lower  Willow 
Creek.     Diversions  for  irrigation  use  are  made  about  1,200 
feet  downstream  from  the  flume. 

The  discharge  capacity  of  the  outlet  works,  with  the  reser- 
voir level  at  the  principal  spillway  crest,   assumed  elevation 
4723.3  feet  NGVD,   is  estimated  to  be  460  c.f.s. 

2.1.4  Freeboard 

Flood  routings  (see  paragraph  2.2.4)  indicate  that  the  dam 

overtops  during  the  PMF.     Therefore,  the  dam  has  no  freeboard 

with  the  recommended  spillway  design  flood.     The  vertical 
distance  between  the  low  point  on  the  dam  and  the  reservoir 

level  at  the  time  of  the  November  1,  1979,   inspection  was 

approximately  40  feet.     The  crest  of  the  principal  spillway 
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is  6.9  feet  below  the  low  point  on  the  dam  crest,   and  the  crest 
of  the  emergency  spillway  is  4.8  feet  below  the  low  point  on 
the  dam  crest.     The  effective  fetch  for  wind-generated  waves  on 
the  reservoir  is  about  0.5  mile.     Wave  runup  on  the  embankment 
is  estimated  to  be  about  2.6  feet.     Although  the  dam  will  over- 
top during  the  PMF  event,   the  vertical  distance  between  the 
crest  of  the  dam  and  the  normal  reservoir  level  is  adequate 
to  prevent  overtopping  of  the  embankment  by  wind-generated 
waves . 

2.2         HYDROLOGY,    CLIMATOLOGY,   AND  PHYSIOGRAPHY 
2.2.1  General 

The  climate  of  the  Lower  Willow  Creek  basin  area  is  modified 
continental  in  nature.     It  is  characterized  by  warm  summers, 
cold  winters,   and  a  semiarid  precipitation  regime.     The  near- 
est climatological  station  with  long  term  records  is  at  Phil- 
lipsburg  Ranger  Station  (elevation  5270  feet  NGVD),  about 
12  miles  south  of  the  center  of  the  Lower  Willow  Creek  Dam 
basin.     Mean  annual  precipitation  at  the  station  is  14.9 
inches,  with  42  percent  falling  from  April  through  June. 
Mean  February  precipitation  is  0.50  inches,   and  mean  June 
precipitation  is  3.15  inches.     Mean  annual  precipitation  on 
the  Lower  Willow  Creek  Dam  basin  is  probably  near  20  inches. 
Mean  annual  temperature  at  Phillipsburg  Ranger  Station  is 
about  41  degrees  F.     Mean  January  temperature  at  the  station 
is  21.6  degrees  F,   and  mean  July  temperature  is  51.2  degrees  F. 
Temperatures  on  the  Lower  Willow  Creek  Dam  basin  are  probably 
about  the  same  as  at  Phillipsburg  Ranger  Station. 

The  drainage  basin  area  for  Lower  Willow  Creek  Dam  is  71.8 
square  miles.     The  basin  is  located  on  the  west  side  of  the 
Continental  Divide. 

Basin  elevations  range  from  4567  feet  NGVD  at  the  dam  to  7937 
at  Black  Pine  Lookout  Tower  at  the  southwest  corner  of  the 
basin.     The  basin  is  mountainous  and  heavily  forested. 

The  basin  is  drained  by  the  North  Fork  and  South  Fork  of  Lower 
Willow  Creek  and  their  tributaries.     The  two  forks  enter  the 
reservoir  at  its  western  end.     The  Soil  Conservation  Service 
has  operated  recording  flow  gauges  on  the  two  forks  during 
April  through  October  of  each  year  since  1965.     Maximum  flows 
were  also  estimated  for  the  years  1961  through  1954.  The 
maximum  daily  discharge  for  the  combination  of  flows  from 
both  forks  since  1961  is  578  c.f.s.;   the  maximum  instantaneous 
discharge  is  605  c.f.s.  in  June  1975.     Larger  flows  may  have 
occurred  during  the  ungauged  winter  period.     The  Soil  Conser- 
vation Service  also  has  a  flow  gauge  at  the  emergency  spillway 
for  measuring  reservoir  water  levels.     This  gauge  is  used 
only  at  high  reservoir  levels  and  allows  a  basis  for  calculat- 
ing the  flow  over  the  principal  and  emergency  spillways.  A 
Parshall  flume  recording  gauge  on  the  outlet  channel  measures 


9 


releases  made  for  irrigation  use.     The  gauge  is  maintained 
by  the  Soil  Conservation  Seorvice;  the  SCS  also  maintains  three 
snow  survey  stations  within  the  Lower  Willow  Creek  drainage 
basin. 

The  SCS  designed  Lower  Willow  Creek  Dam  as  a  class  "A"  dam 
(Ref.  8)  which  requires  a  spillway  design  flood  less  than 
the  PMF.     Downstream  conditions  may  have  changed  since  con- 
struction of  the  dam. 

2.2.2  Reservoir  Storage  and  Spillway  Discharge 

The  reservoir  has  a  surface  area  of  174  acres  and  a  storage 
capacity  of  4,930  acre-feet  at  principal  spillway  crest,  ele- 
vation 4723.3  feet  NGVD,   and  a  storage  capacity  of  5,3  50  acre- 
feet  at  emergency  spillway  crest,   elevation  4725.4  feet  NGVD. 
Approximately  1,300  acre-feet  of  storage  is  available  in  the 
reservoir  between  the  principal  spillway  crest  and  the  top 
of  the  dam,   including  420  acre-feet  between  the  emergency 
spillway  crest  and  the  dam  crest.     The  principal  spillway 
discharge  was  estimated  to  be  2,400  c.f.s.    (200  acre-feet 
per  hour),   and  the  emergency  spillway  discharge  is  5,000  c.f.s. 
(410  acre-feet  per  hour)  with  the  reservoir  level  at  dam  crest. 

2.2.3  Estimated  Probable  Maximum  Flood 

The  probable  maximum  flood  (PMF)  is  the  flood  expected  from 
the  most  severe  combination  of  critical  meteorologic  and  hydro- 
logic  conditions  that  are  reasonably  possible  in  the  region. 
An  estimate  of  the  PMF  was  made  during  this  dam  safety  anal- 
ysis and  was  routed  through  the  reservoir.     Procedures  avail- 
able for  the  area  west  of  the  Continental  Divide  allow  for 
development  of  a  probable  maximum  precipitation  (PMP)  from  a 
thunderstorm  or  a  general  storm.     Because  of  the  size  of  the 
Lower  Willow  Creek  Dam  drainage  basin,   a  thunderstorm  was 
believed  to  cause  the  most  critical  flood. 

The  procedures  contained  in  the  U.S.  Weather  Bureau's  Hydro- 
meteorological  Report  No.  43   (Ref.   3)  and  the  Weather  Bureau's 
1967  memorandum  (Ref.  4)  were  used  to  compute  the  thunderstorm 
PMP.     The  memorandum  allows  for  some  reduction  of  the  PMF 
that  was  not  originally  contained  in  Report  No.  43.     The  July 
thunderstorm  PMP  produces  3.5  inches  in  1  hour  and  5.8  inches 
in  6  hours . 

Because  of  the  high  intensity  rainfall  and  the  possibility 
of  near-saturated  soil  conditions  from  thunderstorms  on  pre- 
ceding days,   a  constant  0 . 15-inch-per-hour  loss  to  the  soil 
was  assumed  during  the  thunderstorm  PMP.     A  base  flow  of  zero 
was  used  for  the  entire  flood. 

A  triangular  unit  hydrograph  for  a  15-minute  rainfall  duration 
was  developed  for  the  71 . 8-square-mile  drainage  basin  by  pro- 
cedures outlined  in  Design  of  Small  Dams   (Ref.   5).     A  curvi- 
linear fit  of  the  triangular  unit  hydrograph  was  used.  The 
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PMP  was  applied  to  the  unit  hydrograph  by  means  of  the  com- 
puter program,  HEC-1  (Ref.   6).     This  estimate  of  the  PMP  pro- 
duced a  flood  with  a  peak  flow  of  82,000  c.f.s.   and  a  volume 
of  18,700  acre-feet. 

2-2,4     Flood  Routing 

The  PMF  was  routed  through  the  reservoir  by  using  the  com- 
puter program  HEC-1   (Ref.   6).     The  reservoir  level  was  as- 
sumed to  be  at  the  principal  spillway  crest  at  the  beginning 
of  the  PMF.     This  level  was  chosen  since  the  emergency  spill- 
way is  only  2  feet  higher  than  the  principal  spillway  and 
the  principal  spillway  can  lower  the  reservoir  fairly  rapidly 
between  storms. 

The  outlet  works  was  assumed  to  be  fully  open  during  the  en- 
tire flood. 

Routing  studies  indicate: 

a.  During  the  full  PMF  the  dam  would  be  overtopped 
when  approximately  9  percent  of  the  flood  volume 
had  entered  the  reservoir. 

b.  Routings  were  made  of  hypothetical  floods  less  than 
the  PMF  to  determine  the  magnitude  of  floods  the 
dam  can  contain.     The  hypothetical  hydrographs  are 
obtained  by  applying  percentages  to  the  PMF  ordin- 
ates .     A  flood  with  a  hydrograph  having  ordinates 
corresponding  to  15  percent  PMF  ordinates  is  just 
controlled  by  the  project.     Larger  floods  would 
overtop  the  dam. 

2.3     GEOTECHNICAL  EVALUATION 

2.3.1    Dam  Embankment 

The  90-f oot-high,   straight-axis,   earth- filled  embankment  is 
970  feet  long  and  has  a  crest  width  of  24  feet.     The  upstream 
face  slopes  1  V  on  3  H  above  the  bench  and  1  V  on  3 . 5  H  below 
the  bench  (Plate  9).     The  downstream  slope  is  1  V  on  2  H. 
The  embankment  contains  a  central  core  (Zone  I)  described  as 
class  A-2  impervious  material  that  slopes  at  1  V  on  1  H. 
Plans  show  that  Zone  I  material  also  was  used  to  backfill 
the  cutoff  core  located  along  the  centerline  of  the  dam. 
The  embankment  material  upstream  (Zone  3)  is  described  as 
Class  A-2,   earth  and  gravel  fill.     Directly  downstream  of 
the  central  core  is  a  10-f oot-thick  layer  of  gravelly  clay 
which  extends  from  the  dam  crest  to  within  5  feet  of  the  dam 
base.     The  remaining  embankment  downstream  (Zone  2)  is  rock 
and  gravel  fill. 

As  no  construction  information  is  available,  properties  and 
method  of  placement  of  the  embankment  materials  are  unknown. 
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Without  a  definition  of  the  material  properties,  we  cannot 
determine  if  the  downstream  10-f oot-thick  layer  and  Zone  2 
are  properly  sized  to  act  as  a  filter  for  the  impervious 
central  core  material. 

The  upstream  slope  (Photo  4)  was  adequately  protected  from 
wave  erosion  by  an  18-inch  layer  of  riprap  which  appeared  to 
have  proper  bedding  material.     The  downstream  slope  (Photo  5) 
was  obseirved  to  be  well-graded  gravel  with  a  high  percentage 
of  fine-grained  material.     Additional  material  was  added  to 
the  slope  on  both  sides  of  the  principal  spillway  during  its 
construction.     The  dam  embankment  is  constructed  of  materials 
that  would  erode  and  rapidly  fail  when  overtopped  by  flood 
waters.     The  downstream  slope  has  a  very  sparse  covering  of 
grass  and  brush  with  a  few  small  trees.     No  significant 
erosion,   irregularities,   slumps,   or  cracks  were  found  on  the 
dam  crest  or  slopes. 

Inspection  reports   (Ref.   7)  from  1964  (shortly  after  rese2r^oir 
filling)  and  1967  indicate  that  a  crack  parallel  to  the  dam 
centerline  and  almost  the  full  length  of  the  dam  developed 
very  near  the  contact  line  between  the  central  core  and  the 
downstream  rockfill  zone.     After  the  last  crack  occurred, 
repairs  were  made  by  digging  out  along  the  crack,  sluicing 
in  a  gravelly  clay  material  in  the  crack,   and  backfilling 
the  trench  with  the  same  material.     Maximum  size  of  the  crack 
was  7  inches,  which  was  not  believed  to  be  indicative  of  the 
initial  movement,  but  instead  the  crack  was  widened  by  the 
following  mechanism  (Ref.   7):    "The  non-cohesive  materials 
thus  eroded  from  the  sides  of  the  crack  are  transported 
downward  in  the  crack  and  into  the  voids  of  the  rock  fill." 

The  embankment  movement  was  believed  to  be  caused  by  differen- 
tial settlement  of  the  rockfill  zone  and  the  cohesive  central 
core . 

In  section  2.1.3  it  was  mentioned  that  the  outlet  conduit 
downstream  of  the  gate  experienced  movement,   the  results  being 
observed  by  vertical  and  horizontal  movement  of  the  joints. 
Plans   (Plate  8)   show  that  the  backfill  material  between  the 
conduit  and  the  underlying  rock  surface  was  impervious  Zone 
1  material.     Settlement  or  lateral  spreading  of  the  embankment 
material  probably  caused  the  joint  movement.     The  maximum 
movement  in  the  pipe  joints  was  1-3/4  inches.     There  is  no 
evidence  that  embankment  material  is  being  transported  through 
the  pipe  joints. 

2.3.2     Foundation  Conditions,   Seepage,   and  Drainage 

Plans  indicate  that  the  dam  foundation  was  stripped  to  a  depth 
of  1  to  2  feet.     Borings  show  the  right  abutment  and  base 
materials  consist  of  10  to  20  feet  of  soil  and  gravel  over 
rock  (Plate  10).     The  left  abutment  consists  of  about  5  feet 
of  talus  material  and  more  than  5  to  10  feet  of  gravel  that 
overlies  rock.     The  cutoff  trench  was  carried  to  rock  along 
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the  dam  base  and  right  abutment.     Along  the  left  abutment, 
the  cutoff  trench  was  taken  through  the  talus  material  but 
was  not  taken  to  the  rock  surface.     The  material  used  to 
backfill  the  cutoff  trench,   according  to  the  plans,  was  select 
impervious  fill. 

During  the  inspection,  no  embankment  seepage  was  observed 
and  there  were  no  signs  of  past  seepage.     Along  the  right 
downstream  abutment,   seepage  was  noted  but  was  flowing  clear 
at  an  estimated  10  gpm  from  an  area  along  the  abutment  contact 
near  elevation  4665  (Photo  6).     Interviews  with  the  dam  owners 
and  information  on  the  as-built  drawings  (Plate  3)  referred 
to  this  seepage  as  a  natural  spring.     This  flow  was  not 
causing  significant  erosion  and  it  did  not  appear  to  be  a 
threat  to  embankment  stability.     Along  the  lower  portion  of 
the  left  downstream  abutment,  willow  trees  were  present  and 
there  were  areas  of  minor  erosion  which  could  indicate  past 
seepage. 

The  embankment  contains  an  internal  drain  pipe  located  just 
downstream  of  the  central  core  placed  near  the  original  ground 
surface.     The  drain  detail  shows  the  pipe  is  10  inches  in 
diameter,  perforated  corrugated  metal  surrounded  by  2  feet 
of  pit-run  gravel.     Two  non-perforated  exit  pipes  carry  flow 
to  the  downstream  toe;  these  pipes  were  observed  on  each  side 
of  the  outlet  conduit.     Both  drains  were  partly  submerged  by 
water  in  the  outlet  stilling  basin  so  actual  flow  through 
pipes  could  not  be  determined. 

2.3.3  Stability 

Based  on  a  review  of  available  information,   embankment  sta- 
bility may  conform  with  the  recommended  guidelines.  However, 
the  effectiveness  of  the  10-foot  gravelly  clay  transition 
zone  to  act  as  a  filter  and  effectiveness  of  the  downstream 
drain  must  be  determined.     Additionally,   soil  parameters  are 
not  adequately  defined  by  the  data  available  nor  are  water 
levels  in  the  embankment;   stability  analysis  with  so  little 
data  is  meaningless. 

2.4     PROJECT  OPERATION  AND  MAINTENANCE 

Lower  Willow  Creek  Dam  is  owned  and  operated  by  the  Lower 
Willow  Creek  Drainage  District.     There  is  no  formal  operation 
and  maintenance  program  for  the  facility.     Information  on 
operation  and  maintenance  was  obtained  through  discussions 
with  Mr.  Marvin  Radtke  of  the  Lower  Willow  Creek  Drainage 
District.     Annual  inspections  of  the  facility  are  conducted 
by  the  3CS  and  the  Drainage  District. 
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2.4.1  Dam 


Maintenance  of  the  dam  is  performed  as  required.     The  facility 
is  visited  regularly  throughout  the  year  by  SCS  personnel, 
who  service  the  flow  gauges,   and  by  members  of  the  Lower 
Willow  Creek  Drainage  District.     The  concrete  chute  principal 
spillway  and  the  emergency  spillway  crest  control  structure 
were  added  in  1978  to  reduce  the  number  of  releases  through 
the  emergency  spillway.     The  project  appeared  to  be  generally 
well  maintained.     There  is  no  log  boom  in  the  reservoir,  and 
the  principal  spillway  could  become  clogged  with  debris.  A 
small  amount  of  debris  was  observed  around  the  crest  wall. 

2.4.2  Reservoir 

Lower  Willow  Creek  Dam  was  built  to  impound  water  for  irriga- 
tion use.     Irrigation  releases  are  made  through  the  outlet 
works  as  required  on  a  seasonal  basis.     The  outlet  works  is 
operated  by  the  Lower  Willow  Creek  Drainage  District.  The 
SCS  maintains  recording  flow  gauges  on  the  two  reservoir 
inflow  streams  and  on  the  outlet  discharge  channel,   and  has 
provisions  for  gauging  releases  over  the  emergency  spillway. 
Snow  survey  data  and  flow  data  are  used  by  the  SCS  to  make 
runoff  predictions  and  to  advise  the  Drainage  District  on 
operation  of  the  reservoir  for  minor  flood  control  and 
seasonal  filling  of  the  reservoir.     The  water  yield  predic- 
tions are  also  useful  in  planning  reservoir  releases  for 
irrigation. 

2.4.3  Warning  System 

There  is  no  formal  warning  plan  for  use  in  the  event  of 
impending  dam  failure. 
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Chapter  3 


FINDINGS  AND  RECOMMENDATIONS 


3.1  FINDINGS 

Visual  inspection  of  the  dam,   supplemented  by  analysis  of 
the  project  in  terms  of  the  recommended  guidelines  perfor- 
mance standards,   resulted  in  the  following  findings. 

3.1.1  Size,  Hazard  Classification,   and  Safety  Evaluation 

In  accordance  with  inspection  guidelines.   Lower  Willow  Creek 
Dam  is  intermediate  in  size  and  has  a  high  downstream  hazard 
potential  rating.     The  recommended  spillway  design  flood  (SDF) 
for  this  project  is  100  percent  of  the  PMF.     The  project  can 
safely  control  a  flood  having  only  15  percent  of  the  PMF 
hydrograph  ordinates .     Based  on  reconnaissance-level  investi- 
gations,  the  project  is  incapable  of  controlling  a  flood 
having  one-half  the  PMF  ordinates  without  overtopping  and 
causing  the  dam  to  fail,   leading  to  potential  for  loss  of 
life  and  property.     Therefore,   Lower  Willow  Creek  Dam  is  con- 
sidered to  have  a  seriously  inadequate  spillway  and  is  unsafe 
(nonemergency)  until  recommended  actions  are  completed. 

3.1.2  Embankment  Dam 

A  visual  inspection  of  the  dam  revealed  neither  longitudinal 
or  transverse  cracking,  nor  any  significant  embankment  erosion. 
Seepage  at  an  estimated  10  gpm,   which  does  not  appear  to  affect 
embankment  stability,  was  noticed  at  about  elevation  4665  NGVD 
along  the  right  abutment  contact.     The  upstream  and  downstream 
slopes  were  uniform  with  no  irregularities  or  slumps.  The 
downstream  slopes  support  a  very  sparse  covering  of  grass 
and  small  brush.     Riprap  on  the  upstream  slope  adequately 
protects  against  erosion,   and  available  normal  freeboard  at 
normal  pool  elevation  is  adequate  to  prevent  wind-generated 
waves  from  overtopping  the  dam  crest. 

No  information  on  water  levels  in  the  embankment,  gradation, 
or  strength  tests  on  the  materials  actually  used  in  construc- 
tion is  available.     Therefore,   stability  cannot  be  determined. 
However,  based  on  a  review  of  as-built  plans,   the  embankment 
may  be  in  conformance  with  the  recommended  guidelines;  how- 
ever,  the  effectiveness  of  the  central  core,   downstream  trans- 
ition,  and  the  internal  drain  to  lower  the  water  levels  in 
the  dam  embankment,  must  be  determined. 

3.1.3  Spillway  and  Reservoir  Capacity 

The  reservoir  has  a  surface  area  of  174  acres  and  a  storage 
capacity  of  4,930  acre-feet  at  principal  spillway  crest, 
elevation  4723.3  feet  NGVD,   and  a  storage  capacity  of  5,350 
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acre-feet  at  emergency  spillway  crest  elevation  4725.4  feet 
NGVD.     Approximately  1,300  acre-feet  of  storage  is  available 
in  the  reservoir  between  principal  spillway  crest  and  the 
top  of  the  dam,   including  420  acre-feet  between  the  emergency 
spillway  crest  and  the  dam  crest.     The  discharge  capacity  of 
the  principal  spillway,  with  the  reservoir  at  dam  crest,  is 
2,400  c.f.s.     However,   the  chute  walls  may  be  overtopped  by 
waves  as  this  maximum  flow  is  approached,  which  could  cause 
serious  erosion  on  the  downstream  face  of  the  dam.     The  ade- 
quacy of  the  stilling  basin  needs  to  be  evaluated  for  various 
flow  and  tailwater  conditions.     The  discharge  capacity  of 
the  emergency  spillway,  with  the  reservoir  at  dam  crest,  is 
5,000  c.f.s.     There  is  no  log  boom  in  the  reservoir  to  inter- 
cept floating  debris,  which  could  clog  the  principal  spillway. 
The  emergency  spillway  discharge  channel  is  excavated  in  erod- 
ible  material  and  could  be  damaged  by  high  flows.  However, 
this  does  not  pose  a  threat  to  the  dam. 

3.1.4  Outlet  Works 

The  outlet  works  consists  of  an  inlet  riser  pipe  and  concrete 
discharge  conduit  controlled  by  a  slide  gate  located  near 
the  midpoint  of  the  conduit.     The  plans  show  a  smaller-diameter 
uncontrolled  low-level  outlet  pipe  discharging  to  the  base 
of  the  outlet  riser.     The  riser  pipe  and  appurtenances  and 
the  low-level  outlet  were  underwater  at  the  time  of  the  in- 
spection and  could  not  be  observed.     The  outlet  conduit  up- 
stream of  the  control  gate  was  full  of  water  and  could  not 
be  inspected.     The  construction  joints  on  the  downstream  por- 
tion of  the  conduit  have  separated,  but  the  metal  water  stops 
keep  the  joints  from  leaking.     The  separated  joints  will  in- 
crease the  cavitation  potential  when  the  conduit  operates 
under  high  discharges. 

3.1.5  Operation  and  Maintenance 

The  Soil  Conservation  Service  and  the  Lower  Willow  Creek 
Drainage  District  jointly  conduct  annual  inspections  of  the 
facility,   at  which  time  recommendations  for  maintenance  and 
repairs  are  made.     The  Lower  Willow  Creek  Drainage  District 
is  responsible  for  operation  and  maintenance.     The  project 
is  visited  regularly  throughout  the  year.     Maintenance  is 
performed  as  required.     The  reservoir  is  filled  in  the  spring 
by  snowmelt,   and  seasonal  releases  are  made  to  satisfy  irriga- 
tion requirements .     The  SCS  uses  snow  survey  data  and  flow 
data  collected  on  the  two  inflow  streams  to  make  runoff  pre- 
dictions,  and  advises  the  Drainage  District  on  operation  of 
the  reservoir  for  minor  flood  control  and  seasonal  reservoir 
filling.     There  is  no  formal  downstream  warning  system  for 
use  in  the  event  of  impending  dam  failure. 

3 . 2     RECOMMEND AT I ONS 

Because  of  storage  between  normal  pool  and  dam  crest,  the 
present  project  provides  a  degree  of  flood  protection  to  the 
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downstream  area.     The  intent  of  report  recommendations  is  to 
maintain  or  improve  project  safety,   if  feasible,  while  pre- 
serving this  existing  flood  protection. 

The  findings  suggest  that  high  priority  be  given  the  follow- 
ing recommendations: 

1.  Immediately  develop,   implement,   and  periodically 
test  an  emergency  warning  plan  for  use  in  the  event 
of  impending  dam  overtopping  or  structural  failure. 

2.  When  the  reservoir  is  low,  perform  an  inspection 
of  the  outlet  riser,   low-level  outlet  works,  and 
3-foot  6-inch  by  3-foot  6-inch  outlet  conduit,  and 
repair  as  necessary. 

3.  Repair  the  construction  joints  on  the  outlet  conduit 
downstream  of  the  gate  well  to  improve  flow  charac- 
teristics . 

4.  Construct  a  log  boom  to  protect  the  principal  spill- 
way from  floating  debris . 

5.  Clear  all  trees  from  the  downstream  slope. 

6.  Protect  the  downstream  right  abutment  (where  seepage 
is  present)  and  embankment  materials  from  erosion. 

The  above  recommendations  will  not  make  the  dam  safe,  but 
will  reduce  the  risk  to  life  and  property  while  the  following 
recommended  actions  are  being  taken. 

7.  Conduct  more  detailed  hydrologic  and  hydraulic  rout- 
ing studies  to  better  determine  the  downstream  haz- 
ard and  required  spillway  capacity,   and  modify  the 
project  as  studies  indicate.     The  possibility  of 
wave  overtopping  of  the  chute  walls  should  be  in- 
cluded in  these  studies. 

8.  Conduct  engineering  analyses  for  embankment  and 
abutment  stability  for  both  static  and  seismic  load- 
ings by  installing  and  monitoring  piezometers  and 
using  data  from  field  investigations  and  laboratory 
tests  as  appropriate.     Conduct  an  analysis  of  the 
embankment  materials,   including  the  10-foot  transi- 
tion zone,   to  determine  if  materials  meet  filter 
criteria.     Determine  effectiveness  of  internal  drain 
by  monitoring  piezometers  and  correlating  data  with 
reservoir  levels.     Design  and  implement  any  dam 
modifications  as  studies  indicate  to  bring  dam  into 
conformance  with  the  recommended  guidelines. 
Stability  studies  need  to  be  conducted  by  qualified 
geotechnical  engineers  and  kept  on  file. 
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9.        Make  inspections  of  the  facility  during  the  next 

spring  and  summer  periods  at  full  reservoir  levels. 
Periodic  inspections  of  facility  should  be  conduc- 
ted at  least  at  5-year  intervals  by  engineers  with 
experience  in  dam  design  and  construction. 

Before  implementing  report  recommendations,  the  owner  is  urged 
to  coordinate  activities  with  the  Montana  DNRC. 
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DEPARTMENT  OF  NATURAL  RESOURCES 
AND  CONSERVATION 

WATER  RESOURCES  DIVISION 


THOMAS  L.  JUDGE.  GOVERNOR 


32  SOUTH  EWING 


STATE  OF  MONTANA 


(406)449-2872 


HELENA.  MONTANA  59601 


November  25,  1980 


Department  of  the  Army 

Seattle  District,  Corps  of  Engineers 

P.O.  Box  C-3755 

Seattle,  WA  98124 

Attn:    Ralph  Morrison 

Re:       CH2M  Hill  Dam  Safety  Inspection  Report  on  Lower  Willow  Creek 
Dam  (MT-1155). 

Dear  Ralph: 

We  have  reviewed  the  above  referenced  final  draft  report.  We 
concur  with  the  findings  and  recommendations  and  find  that  is 
satisfies  the  criteria  of  the  Phase  I  report. 

Minor  editorial  comments  have  been  discussed  with  your  staff, 
and  we  understand  these  will  be  incorporated  in  the  final  report. 

Thank  you  for  this  opportunity  to  review  and  comment  on  the  final 
draft  report  on  Lower  Willow  Creek  Dam. 


Sincerely,  ^  

Richard  L.  Bondy,  P.E. 
Chief,  Engineering  Bureau 
(406)  449-2864 


RB/AT/lj 


AN  EQUAL  OFPORTUNI 


United  States 
Department  of 
Agriculture 


Soil 

Conservation 
Service 


P.O.  Box  970 
Bozeman,  MT 
59715 


November  20,  1980 


Sidney  Knutson,  P.E. 

Assistant  Chief 

Engineering  Division 

Seattle  District,  Corps  of  Engineers 

P.O.  Box  C-3755 

Seattle,  WA  98124 

Dear  Mr.  Knutson: 

Thank  you  for  the  opportunity  to  review  the  final  draft  report  on  Lower 
Willow  Creek  Dam  (MT-n55). 

Our  comments  relating  to  specific  report  statements  are: 

Page  vi ,  line  1:    A  static  stability  analysis,  soil  lab  data, 
specifications,  and  embankment  material  descriptions  were  made 
available    to  the  consultants  representative,  who  elected  not  to 
reproduce  them. 

Page  vi,  line  22:    Add  "(non-emergency)"  after  "unsafe". 

Page  22,  line  17:    Add  "(non-emergency)"  after  "unsafe". 

Page  9,  line  13,  and  page  23,  line  28:    The  stilling  basin  is  a  St.  Anthony 
Falls  (SAF)  basin,  which  is  not  designed  to  contain  the  hydraulic  jump, 
but  rather  to  deflect  high  velocity  currents  upward  so  as  to  create  a 
ground  roll  within  the  riprapped  pool.    Reference  -  Blaisdell,  F.W.,  "The 
SAF  stilling  Basin"  ARS  -  Agriculture  Handbook  No.  156,  April  1959. 

Page  11,  line  18:    The  packing  gland  has  been  leaking  for  a  long  time 
but  has  not  been  considered  a  safety  hazard. 

Page  13,  line  13:  Average  annual  precipitation  is  16  inches  at  the 
dam  site  increasing  to  30  inches  at  the  very  head  of  the  watershed. 
(From  SCS  and  MTDNRC  data.) 

Page  15:    Give  rainfall  distribution  and  time  of  concentration  used. 

Page  15,  last  paragraph:    The  Clark  Fork  above  Missoula  gaging  station 
with  a  drain  basin  of  6,000  square  miles  has  a  recorded  peak  flow  of 
32,300  cfs  in  1975  and  an  estimated  maximum  of  48,000  cfs  in  1908. 
Does  it  appear  reasonable  to  design  for  a  82,000  cfs  peak  flow  from  a 
72  square  mile  drainage  within  the  same  basin? 

Page  v,  last  paragraph:    The  rock  shell  materials  are  not  highly  erosive. 
Page  24,  line  10:    The  riser  is  inspected  annually. 
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Page  24,  line  14  and  Page  25,  Item  3:    Separation  of  conduit  joints 
have  long  been  noted  in  inspection  reports.    Mastic  repairs  failed  to 
stay  in  place. 

Page  17,  last  paragraph,  and  Page  18,  first  paragraph:    The  GC  filter 
zone  does  not  have  a  sharp,  straight  contact  with  the  gravel  and  rock 
shell  zone  near  the  dam  crest.    Due  to  the  confined  width  near  the  crest, 
the  lifts  of  the  two  zones  became  overlapped  during  construction, 
resulting  in  a  interfingering  of  zones  at  the  contact.    The  crack  was 
vertical  for  2-3  feet,  then  sloped  downstream  approximately  parallel  to 
the  contact.    The  repair  excavation  showed  the  crack  cutting  through  the 
overlapping  lifts  of  the  two  zones.    The  crack  development  could  not  be 
detected  beyond  8  feet  below  the  dam  crest.    This  is  7  feet  above  the 
emergency  spillway  crest,  thus  the  erosion  described  in  reference  7  could 
not  be  due  to  lateral  seepage  exiting  the  filter.    Rather,  runoff  from 
crest  road  ruts  entered  the  crack  causing  erosion  and  sluffing  of  the 
materials  on  the  crack  walls.    This  material  would  then  enter  the  voids 
of  an  underlying  shell  zone  lift.    The  first  sentence  of  the  second 
paragraph,  page  18,  is  an  erroneous  deduction  and  should  be  eliminated. 
The  second  sentence  is  valid  except  that  "non-cohesive"  should  be 
changed  to  "cohesive". 

We  do  not  agree  with  the  hydrologic  conditions  used  to  develop  the  probable 
maximum  flood.    The  conditions  selected  attempt  to  eliminate  the  element  of 
risk  to  a  degree  that  we  feel  is  not  practical  or  reasonable.    Despite  the 
climatic  differences,  the  Omaha  District  appears  to  be  imposing  much  more 
reasonable  hydrologic  conditions  than  is  the  Seattle  District.    We  suggest 
that  a  common  degree  of  risk  (probability)  be  applied  by  the  COE  nationwide. 

Sincerely, 


cc: 

Ray  Smith,  Acting  SCE,  SCS,  Bozeman 

Dave  Jones,  Enrivonmental  Engineer,  SCS,  Bozeman 


(PHOTO  1)    Principal  Spillway 


(PHOTO  2)     Emergency  Spillway,  View  Downstream 
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(PKOTO  3)     Outlet  Conduit  -  Pipe  Joint  Showing 
Movement  Downstream 


(PHOTO  4)     Embankment  Upstream  Slope 


(PHOTO  5)     Embankment  Downstream  Slope 


(PHOTO  6)     Right  Abutment  Downstream" 

Seepage  Along  Abutment  Contact 


(PHOTO  7)     Left  Abutment  Downstream 
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